Abstract：Flow pulsation characteristic is the inherent characteristic of the axial plunger pump, and it is an important factor that affects the working performance and the stability of the hydraulic system. To reduce the flow pulsation of axial plunger pump, theoretical analysis of the motion characteristics and flow pulsation characteristic; The co-simulation model of axial plunger pump was established using ADAMS and AMESim, The influence of different structural parameters on the pulsation of axial plunger pump flow is analyzed by simulation, and the pulsation curves of different plunger diameter, speed and inclined plate are obtained.. The results show that the flow pulsation of the axial plunger pump increases with the diameter of the plunger, the speed and the inclination of the swashplate increases, and the results provide a reference for reducing the flow pulsation of the axial plunger pump.
Introduction
Axial plunger pump is to rely on the plunger in the cylinder plunger hole in the reciprocating motion, so that changes in the working chamber to achieve changes in oil and oil, and is widely used in various industries [1] . Since the hydraulic fluid discharged from the plunger pump is extruded in the form of a plunger, this working characteristic determines the flow pulsation characteristic at the outlet of the plunger pump. Flow pulsation has a large effect on the hydraulic system, and the pressure pulsation caused by it causes the hydraulic system to oscillate and even damage the hydraulic components. Therefore, it is very important to study the flow pulsation characteristics of the plunger pump [2] .
In the study of the pulsation characteristics of the flow of the plunger pump, the traditional physical experiment method, waste time, change the parameters or conditions are more difficult, and sometimes even impossible to achieve [3] .Therefore, we can set up a simulation model of the plunger pump on the computer, using simulation means to reduce the test cost and improve the test efficiency [4] .
In order to improve the accuracy of the simulation results and make the model more realistic, this paper uses ADAMS to build the multi-body dynamics model of the plunger pump, and uses the AMESim to establish the hydraulic system model of the plunger pump. The two models were combined to establish the joint simulation model of machine -liquid integration of plunger pump
Theoretical Analysis of Flow Pulsation Characteristics
The core part of the plunger pump consists of plunger, shoe, cylinder, swash plate, as shown in Fig.1 , set the ramp angle α, take OXYZ coordinate system, And the starting point is calculated by the point A through the OXY plane. When the cylinder to the angular velocity of ω movement time t, the plunger ball center from point A to point B.In the OYZ plane, the projection of the center of the plunger ball moves from point C to point D, then the center of the ball plunger coordinates is : 
The axial velocity of the plunger relative to the cylinder bore is Plunger pump in the course of operation, because the plunger speed is instantaneous change, and the number of plunger out of the area is also changing, so the plunger pump outlet flow is instantaneous change, and exists flow pulsation [5] .
The diameter of the plunger is d, the theoretical instantaneous flow rate of the single plunger is: 2 2 tan sin 4 4
The instantaneous flow of the pump should be the sum of all the instantaneous flow of the plunger in the drainage zone, which is: Set the number of plunger n, The angle of the plunger from the maximum extension position is
，A total of m plungers are located in the drainage area, the above formula can be rewritten as
As the plunger pump plunger number is generally odd, the pump's theoretical instantaneous flow is: 
The equations (6) show that as the number of plungers increases, the flow rate pulsation decreases，But when 9 n ≥ , the trend becomes more gentle, So the plunger number of the axial plunger pump is generally no more than nine [5] 。
Establishment of Co-Simulation Model
Plunger pump physical prototype is composed of mechanical systems and hydraulic system, so the joint simulation model should also include these two parts, the modeling program shown in Fig.2 [7] In this paper, the dynamic model and hydraulic model of the plunger pump are established in ADAMS and AMESim respectively. In order to establish the co-simulation model of the plunger pump, it is necessary to set the interface in ADAMS and AMESim respectively. After the interface is set up, the joint simulation model of the piston pump is established, and the simulation control is carried out by using the Simulation Contral tool in ADASM. as shown in Fig.3 . 
Simulation Results Analysis
From the equations (6) can be seen to affect the plunger pump flow factors are plunger diameter, plunger pump speed, plunger distribution circle radius, swashplate inclination, and the plunger number. The influence of these factors on the flow pulsation of the plunger pump is studied from the three aspects of plunger diameter, plunger pump speed and swashplate inclination.
Plunger Diameter
In the established model of plunger pump joint simulation, the plunger diameter is set to 7mm, 8mm, 9mm, 10mm and 11mm respectively.other parameters remain unchanged, and then run the simulation, obtained the flow pulsation curve of plunger pump under different plunger diameter, as shown in Fig.4 . By analyzing the flow pulsation curve shown in Fig. 9 , the flow pulsation rate of the plunger pump at different plunger diameters can be calculated according to the flow pulsation rate calculation formula, as shown in Table 1 . It can be seen from the data in Table 3 that the flow pulsation rate of the plunger pump increases with the increase of the diameter of the plunger.Therefore, in the design of the plunger pump, reducing the plunger diameter can effectively reduce the flow pulsation of the plunger pump . 
Plunger Pump Speed
In the joint simulation model of the plunger pump, the speed is set to 1000r/min, 3000r/min, 5000r/min, 7000r/min and 9000r/min respectively, the other parameters are unchanged, The flow curve of the plunger pump at different rotational speeds is obtained, as shown in Fig.5 . By processing the data in the figure, the maximum and minimum instantaneous flow rates and the flow pulsation rate at different speeds can be obtained, as shown in Table 2 . From the calculation results in the table, it can be seen that with the increase of the rotational speed, the pulsation rate of the outlet flow of the plunger pump increases, and the appropriate reduction of the speed can reduce the pulsating characteristic of the pump outlet and reduce the pulsation of the hydraulic system characteristic. 
Inclined Angle of Swashplate
In the model of the plunger pump, the inclination of the swashplate is set to 3 °, 5 °, 7.5 °, 10 ° and 14.5 ° respectively,the other parameters remain unchanged. The flow curve of the plunger pump at different inclination of the swashplate is shown in Fig.6 . By processing the data in the figure, the maximum and minimum instantaneous flow rates and the rate of pulsation at different speeds can be obtained, as shown in Table 3 . From the calculation results in the table, it can be seen that with the increase of the inclination of the swashplate, the pulsation rate of the flow rate of the plunger pump is slightly increased, but the change is not great. 
Conclusion
Through the theoretical analysis, the equation of motion of the plunger pump plunger, the theoretical instantaneous flow rate and the flow pulsation rate are obtained, and the joint simulation model of the plunger pump is established based on AMESim and ADAMS. The results show that,with the increase of the diameter of the plunger and the increase of the rotational speed, the plunger pump flow pulsation rate has a more obvious increase. As the inclination of the swashplate increases, the pulsation rate of the pump outlet is slightly increased. Using AMESim and ADAMS to establish the co-simulation model of the piston pump, can clearly get its movement law and flow characteristics, which can improve the test efficiency and reduce the costs.
